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Quadrature of the Circle, 


In Two General Methods, 


CLEARLY DEMONSTRATED. 
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QUADRATURE 
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OC THELE 
In Two General Methods, 


CLEARLY DEMONSTRATED. 


METHOD L 
Is founded on that general Theorem, that all 
Figures ought to be meaſured by their 
Similars; therefore Circles are to be mea- 
ſured by Circles. 


METABO PD IL 
Is founded on that known Definition, that if 
a Circle apply every Part of its Circumfe- 
rence one after another to a ſtreight Line, 
that Line will equal its Circumference. 
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The laying down the Cycloid geometrically 
by Points: And the Triſection of Angles 
geometrically performed. 


To which is annexed, 


A new and eaſy Method of gaining the Lon- 
gitude at Sea. 


By JAMES LATIMER. 
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HE one eternal, the incompre- 
I henſible, the omnipreſent, omni- 
ſcient, and almighty Creator of all 
things that exiſt, who without ſcale 
or compaſſes, divided infinite - ſpace 
into proportional parts, and gave thoſe 
innumerable ſyſtems of the univerſe 
their limited ſpace to act in, this Atom 
of Geometry 1s dedicated and devoted, 
with all poſlible gratitude, humilia- 
tion, worſhip, and the higheſt adora- 
tion both of body and mind, bj 


His mot reſigned, lou, 


Ad humble creature, 


JaMEs LATIMER, 


RECOMMENDATIONS by the following 


GENTLEMEN, 


Mr Latimer, Newcaſtle, April 20th, 


I Have peruſed this treatiſe, and I think it is 
not only the beſt done thing of its kind, 
but ſo far as I am able to judge, a ſtreight 
line equal to the circumference of the circle, 
is truly and geometrically determined, and 
conſequently all other things that depend 
thereupon. - ROBERT TURNBULL, 
. TEACHER of the MATHEMATICS, 


Mr Latimer, Newcaſtle, May gth, 1774. 


J Have peruſed your method of finding the 
© Quadrature of the Circle, and that of find- 
ing the Longitude at Sea :—As I have only 
had time to examine it ſhghtly, cannot ſay ſo 
much for it as I might do on a more ſtrict 
inſpection, but think it merits the encourage- 
ment of the public, and heartily wiſh you 
acceſs in your intended publication. I am, 
Sir, Dur humble ſervant, 
| | J. FRYER, Mathematician. 


SIR, | Howdon Pans, 21ſt April, 1774. 


AVING peruſed your ſcheme for the 

geometrical Quadrature of the Circle, or 
to find a ſtreight line equal in length to any 
portion of the arch thereof 1s not only 
exactly done, but alſo ſo plainly demonſtrated, 
in my opinion, upon ' geometrical principles, 
that while it heightens the. eſteem of the 
performance, in the minds of the truly ca. 
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RECOMMENDATIONS 


did Lovers of Science, it will at once, I hope, 
flop the mouths of thoſe Argus's, who are 
all eyes to ſearch for faults, in order to con- 
demn every thing that is not of their own 
production. I heartily approve of your ſchemes 
tor Longitude and Triſection, and, wiſhing a 
kind acceptance of your well-meant endea- 
vours, I remain, dear Sir, 
Your humble ſervant and fond admirer, 
JOHN MILNE. 


Mr Latimer, Gateſhead, May, 26, 1774. 


HAVING peruſed your hitherto incompa- 

rable treatiſe, upon the Quadrature of 
the Circle, &c. &c. my opinion is, that it is 
not only a. noble, but a very uſeful perfor- 
mance and cannot fail (eſpecially by all the 
ſtudious ſons of Matheſis) meeting with a 
reception ſuitable to its exalted merit; as by 
your unerring demonſtrations, you have fully 
and perſpicuouſly determined every thing which 
depends upon a geometrical definition, 

Go on, great Sir, Zoilians to ſubdue, 

And all opponents unto maxims true : 

Extend this ſcience round the ſpacious earth, 

That future ages may admire your worth; 


Let Momus jeſt, and all illit'rate foes, 
You'll be rever'd, nor rank'd with none of thoſe. 


ALEX. MURRAY, 
1 Teacher of the Mathematics. 


MR Lowthion's Compliments to Mr Lati- 
mer; —has peruſed his Treatiſe upon the 
Quadrature of the Circle, &c. and thinks he 


deſeryes encouragement for his labour and 
ingenuity. 
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HE Quardrature of the circle has been 
of ſo engaging a nature, as to employ 
the minds of the moſt eminent geometricians 
in all ages. Even from the moſt ancient 
times they have exerciſcd their wits upon it; 
and many more had done the ſame, if the 
had not-ſeen their pains (though undertaken 
for the common good, although not brought 
to perfection) vilified by thoſe ho envy the 
praiſes of other men. Amongſt thoſe ancient 
writers Archimedis was the only man that 
ever ſtruck boldly at finding a ſtreight line 
equal to the circumference of a circle: and 
his definition, of a circle applying its cir- 
cumference by rolling along a ſtreight line, 
and applying every part of its circumference, 
one after another, to the ſtreight line, until 
the point that was in contact with the ſtreight 
line at firſt, comes in contact with it again; 
then that ſtreight line will be equal to the 
circumference of that circle, is true (and in- 
deed it is what I have built my whole founda- 
tion upon): but the finding of ſuch a ſtreight 
line geometrically, is what he could not ef- 
fect, and many have attempted it in vain. 
I ſhall mention ſome of them; and firſt 
Laloxer, the Jeſuit, in his attempt, ſays, that 
B there 


iv e 


there is equality between a ſtreight line and a 
crooked one; but now, ſays he, ſince the fall 
of Adam, it is not to be had without 7 e 
ſpecial help of divine grace. Wherein Fob- 
ſerve, that he ſuppoſing he had found the 
uadrature, would have us believe it was not 
by the- ordinary and natural help of God, 
whereby one man reaſoneth, judgeth, and 
remembereth better than another ; but by 
the ſupernatural help of God given to him of 
the order of Jeſus, above others that had at- 
tempted the ſame in vain. 2 
Joſeph Scaliger and Mr Hobbs both at- 
tempted the quadrature of the circle, but 
without ſucceſs. Mr Hobbs indeed hath laid 
down no premiſes, and therefore no conclu- 
ſion can be drawn from it, as may be ſeen in 
his Philoſophical Works, page 213. 
' Deſcartes, through great pride and pre- 


ſumption, boldly affirming that there is no 


equality between a ſtreight line and a circle, 
and (contrary to common ſenſe Archi- 
medes) has pronounced it impoſſible, and 
therefore has locked up the brains of our 
great modern mathematicians from attempt- 
ing it in a geometrical way, Of ſuck great 
weight is the authority of one man to put out 
the eyes of poſterity for ages, becauſe he was 
not eagle- eyed enough to diſcover it. He 


therefore endeavoured to put a lock, and ke 


upon it, which indeed hath ſucceeded very 
well hitherto ; but how unbecoming a man it 
is, to pronounce a thing impoſſible, * that has 
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ſo true and clear a definition to found the 
diſcovery of that problem upon : it can pro- 
ceed from nothing but pride and preſumption 
grown into madneſs, 

Was not the 47th of Euclid 1. looked upon 

as impoſſible before Pythagor as found it? and 

was not the proportion of the cylinder, cone, 
and ſphere, before Archimedes“ days, looked 
upon in the ſame light? And had theſe pro- 
blems been undxcovered in Deſcartes' days, I 
am perſuaded the world would never have 
ſcen them through him, for as great a name 
as he got. But let us leave Deſcartes, for 
we have plenty of them at home, without go- 
ing to France, who can make great diſcoveries 
over a hot bowl of punch; and pronounce 
the word impgſſible, with as much facility and 
eaſe, as they can ſwallow their favourite li- 
quor. 

I am perſuaded, when Pythagoras found 
out the 47th of Euclid 1. that he was ſatisfied 
of the truth and certainty of the demonſtra- 
tion, without having the approbation of an 
academy ; and 1s {aid to have offered an hun- 
dred oxen to the gods, as a tribute of thanks 
for ſo great a diſcovery. And J am as certain 
of the truth of finding a ſtreight line equal tothe 
circumference of a circle, as he was of the 47th 
of Euclid 1. as will be proved by the demon- 
ſtration, without it fall into the hands of 
{iceptics : but I hope it is diſcovered in a more 
happy epocha, where it will meet with men 
of virtuous minds; lovers of truth, for truth” 
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tage. But if they ſhould be of a proud, pre- 
ſumptuous, arrogant mind, I challenge them to 
invalidate it ; but at the ſame time to dehver 
their objections. in writing, which will be 
doing themſelves great honour ; for by lay- 
ing hold of fuch an ome they will 
get themſelves a name, although they may 
not have a head for the diſcovery of unknown 
truths, 

This arduous and Knotty problem, which 
has baffled the ſagacity of mankind theſe two 
thouſand years, I am fatisfied is clearly diſco- 
vered, if it be admitted that there is any cer- 
tainty in geometry. 

Alſo the triſection of angles, right, ob- 
tuſe, and acute, are made as er and certain 
as biſection, and that by an eafy and ſhort 
demonſtration. I have in the quadrature 
made uſe of nothing but four definitions and 
one axiom, which are the true principles of 
geometry; and therefore if not ſound, may 
caſily be detectſc. 5 
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VERY whole is greater than its part. 
2. All the parts taken together, are 


equal to the whole, 
3- Two things that are each equal to a third, 


are equal between themſelves. 

4. Equal quantities added to equal quanti- 
ties, their ſums will be equal. 

5. Equal quantities taken from equal quanti- 


ties, the remainders will be 0 


All Grailar EI are to one another as the 
ſquares of their homologous hides. 
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All circles are ſimilar, and are therefore to 
one another as the ſquare of their diameters. 

All fgures ought to be meaſured by their 
ſunilars (i. e.) a line by a line, a ſurface by a 
ſurface of the ſame kind; therefore circles are 
| to be meaſured by circles. * 


| DEFINITIONS on Figure I. 


1. The diameter (4 C) is double the diame- 
ter (c 4), and TY. 


the circumfe- Pig.1 * 
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rance of any of 
the lefler circles 
is only half the 
circumfence ofů / 
the greater. t BW, 
2. The chord 4 
C, is doublethe } 
chord of any of 
the leſſer circles. 
* J. Double. 
diameters give 
quadruple con- 
tents, the areas of the four leſſer circles taken 
together are equalto the area of the circumſcrib- 
| ing circle (pr theor, 2.) and every tegment of | 

the great circle, is equal to four of the lefler | 
ſegments by the ſame Theorem. | 
4, The greater ſegment BvCD is equal to 

four of the leſſer, then take away the ſegments 

Bx and Cx, and the remaining figure B CD 
is equal to what is taken away. (per Def, 3d.) 

; Let 
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5. Let the curvelineal figure B x Cv be 
biſected by the verſed ſine xv, and the curved 
triangles B xv, and Cxv, will be equal to 
the ſegments B x, and Cx, (by Def. 3) Al- 
ſo if a {treight-lined triangle can be proved equal 
to the curved triangle B xv it will equal the 
ſegment B x, which done the quadrature of 
the circle, may be eaſily effected for four ſuch 
triangles being added to the inſcribed ſquare of 
one of the leſſer circles will equal the area thereof. 

6. The radius B d is double the radius B a 
by inſpection, and the chord B x is a mean pro- 
portional betwixt d and Ba; for Bd: BU 
. KA: . 

7. If B is made radius, then every arch of 
equal length that is deſcribed by it, will have a 
mean curvature, between an arch deſcribed by 
the radius B d and B a; allo the arch B v= the 
arch B x, the one being the one eighth of the 

eat circle's circumference and the other the 
one fourth of the lefler. | | 

8. The curved triangle Bx v is made up 
of an arch of one eighth of the greatcircle, and 
an arch of one fourth of the leſſer circle; there- 
fore the arches are equal in length, bat extreme 
in their curvatures, for their curvatures are 
as their radius which are extreme (per fig.) Now 
in order to reduce them to equal curvatures, let 
us conceive what is very eaſy: let the ſegment 

B x move back upon the point x to 2z; at the 

ſame time let the, arch Be ſlide down the 
chord By, until B equal Bæ, then will the 
chord Z u equal the chord z x, and the arch 
_2zv equal By in curvature, and length alſo. 
is © And 
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And by this means we gain the true per- 
pendicular height of the hs triangle _ 
v B by reducing the arches to equal curvatures: 
and B will equal one half x», and ze will be 
the true perpendicular. | 
 LAMMA Fg. H. 
Let there be drawn three circles B 
B a; whoſe radii * 0 en 
are Bd, B x and | 
Ba (fig. iſt.) by 
the Sai the 
three circles, a- 
reas will be in 
343446) 48 1, 2, 
4, and the cir- 
cumference of 
the circle B& 
will be a mean 
proportional be 
twixt the cir- 
cumferences of 
the circles Bd 
and; a; alſo the 
chords and ver- 
ſed fines are 
. allproportionals 
and the verſed 
line dv is a 
mean between 
v and av. 
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THEOREM Eg. III. 


If three Iſoſceler curved triangles be drawn 
by the radii Bd, By | bb 
and B a, upon the 
verſed fines of the 
three circles ( per 
lemma) their propor- 
tional baſes; and 
their perpendicular 
height equal Ze (fig. 1ſt.) then will theſe cur- 
ved triangles bein : : (7.e.) the curved triangle 
* 12 v is to dez v as dez v is to 402 v, for I 
fay theſe three curved triangles are equal to 
theſe ſtreight lined triangles, x z v, da v, and 
a2 v. rd 


DEMONSTRATION. 


The ſtreight lin'd triangle 2 x v, is an iſoſceles 
x2 equal z and drawn by the radius B * 
( fig. iſt.; therefore the ſegments are equal; 
nov if the mixt triangle x iv be added to both, 
it will compleat the curved triangle x: zv equal 
to the iſoſceles triangle 2 v, (per axiom 4th,) 
the ſtreight lined triangle dz v is an iſoſceles 
whoſe fides are chords of the arches 2 x and 
2v, and the arches are drawn by the mean 
radius Bx (fig. iſt.) therefore the ſeg- 
ments are equal. Now the little ſegment ze is 
common to both ſegments, which taken away 
leaves figure z ed equal 2ev2, and if to both 
be added the mixt triangle d ev, it will complcat 
checurved triangle dezv equal the ſtreight lined 
„ tr iangle 


* 
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triangle z vd (per axiom 4th and th), QE. D. 
The ſame demonſtration will prove the 
curved triangle 2 oa v equal to the ifoſceles 
cage 59875; oC 428 
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But now we have got a ſtrait lined triangle 
equal to, the curved triangle B x vB (fig. iſt.) 
for by def. 7. 8. the curved triangle ze dv z be- 
ing made up of mean proportionals, is equal to 
the curved triangle BvB, (fig. 1ſt.) being 
made up of extreams by Def. 5. But by the 
laſt, demonſtration the curved triangle Zed 


given cirelez for if four fuch ſtreight lined trian- 
gles be added to the inſcribed ſquare (accord- 
ing to Euclid) that ſquare, will = the circle ſo 
given; for theſe. four: triangles will equal the 
four ſegments: of any of the leſſer circles (per 
def. 4th. axiom 4th.) 7ʒ)) 2 
This demonſtration is founded upon the 
moſt ſelf· evident truths that geometry is capa- 
ble of; therefore if it is not admitted, geome- 
try muſt be an abſurd, vague, empty ſcience, 
wherein there is no truth. . 


PRO FP OSO, 0. 
Any circle given, as the circle Le NG. H. to 


find a ſtraight line equal to the circumference. 
' DEF 
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DEFINITIONS on Fig. IV. 


x. If the circle Le NG H roll along the 
ſtreight line LH, applying every part of its cir- 
cumference one after another unto the ſtreight 
line until the point L comes in contact with the 
line LH, which will be at H, then I ſay, that 
ſtreight line will be equal to che circumference 
of the generating circle Le NG t H, 

2. It the quadrantal arch Le N be applied to 
every point of the arch one after another to the 


ſtreight line LN, then will that ſtreight line 


equal the quadrantal arch LeN. 

3- When the quadrantal arch has applied 
every point of it to the ſtreight line, then will the 
point . bein contact with a ſtreight line drawn 
thro' the center of the gencrating circle CB, pa- 
rallel to the indefinite line DE. 

4. N. B. Let us conceive the generating 
circle applying its quadrantal arch Le to the 
ſtreight line D E, and at the ſame time carrying 
the chord LN, and the angle ACL with it, 
being faſt to to the circle at the point-L, but 
looſe and detached from it in all other parts 
1 that it may be carried by the point L only; 

1 ——. the point L comes in contact 
with the center line BC of the generatin 
circle; that the angle ACL will be 118 
about by the application of the quadrantal 
arch to the ſtreight line; and the point A will 
fall upon the point R on the line DE and the 
point L, will be in contact with the center line 
at 3, and the chord LN, ſet off from 3, will 


touch 
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touch the line DEin N, and LN on the line 
DE will equal the quadrantal arch; for its by 
the angle ACL that we find the point 3 on the 
center line, and then the chord LN from that 
point finds the length of the quadrantal arch 
in the line DE; becauſe the generating circle 
for the laying down the quadrantal arch, can 
never exceed that angle from radius laid 
down on the line DE; nor can it be leſs. 

To prove which, ſet off the chord LN from 

R on the indefinite line towards D to C 
and making the chord L N radius, upon the 
point C draw an arch from R and it will paſs 
thro' 3 on the center line; and this is a clear 
proof that the point 3 on the center line is the 
very point. the circle has arrived to, when it 
has apphed all its quadarantal arch te the 
line DE, for its the ſame angle, turned about 
by the motion, of the circle, applying its qua- 
drantal arch to the ftreight line DE; therefore 
the angle ACL is the true meaſure for finding 
the point on the central line, and conſequent- 
ly the. true length of the quadrantal arch, 
which is what is wanted. 

Theſe things being premiſed I {hall aſſume 
it as a problem, and the manner and method 
"of finding a ſtreight line equal to the circumfe- 

rence of any given circle is as followeth. 
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ANY circle, as Le N GHH given, to find a 
| ſtreight line equal to the circumference, 
and conſequently making a ſquare whoſe area 
hall be equal to the area of the circle. 


Firſt draw an indefinite line DE to tough 
the circle jn the point L, and LG the diame- 
C ter 
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ter of the generating circle perpendicular to 
the point L; then draw GP parallel to YE, 
alſo through the center of the generatin 

circle draw CB parallel to DE; then draw 


the chord LN, and ſet it from Lon the line 


DE towards E toC; then with LC=L N 
made radius, on the point C draw the arch 
LA, then ſet off the radius of the generatin 

circle on DE from L to R, and from G to N 
on the line GP; then take the angle LCA, 
and with one foot i in Rand R ſeveraly draw 
the pricked arches on the center line CB, 
which will be at 3; then make the chord 
LN radius, and on the point 3 ſet one foot 


of your compaſſes, and the other will cut 


DE in the point N: therefore, I ſay, that 
ſtreight line LN on the indefinite line D E is 
equal to the quadrantal arch Le N. 


DEMONSTRATION. 


But if that ſhould be denied, let it it be 
granted that the point L comes in contact with 
the center line at x, then it has applied all its 
quadrantal arch to the ſtreight line D E; then, 
by ſuppoſition, the ftreight line LS on the 
line DE would be equal to the quadrantal 
arch : but, I ſay, by apply ying of the angle 
LCA from R, equal the radins of the gene- 


rating circle laid on the line D E, that it will 
not reach the point x; which proves, by de- 
finition 4th, the circle had not applied all its 
quadrantal arch to the ſtreight line DE, by 
the ſuppoſition of x being the point; neither : 


can there be any point taken between A and 
| I 3 that 
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3 that the angle 4 C L will reach, and there- 
tore the ſuppolition of is abſurd. But let it 
be granted that the circle, by applying its 
N arch to the ſtreight line D F, may 
have brought the point L in contact with the 
center line CB at 2, I ſay, that the angle 
LCA applicd from radius laid on the infinite 
line DE (i. e.) from N it will be found to 
reach above z on the center line CB, there- 
fore the ſuppoſition of 2 is abſurd alio; ; an 

as there cannot be any point taken between 
= and 3 on the center line C B but what the 
application of the angle L CA will ſhow, that 
the circle has not applied all its quadran- 
tal arch to the ſtreight line D E, ſo neither 
can there be any point taken between 3 and 
N but what the application of the angle L CA 
will ſhow, that the circle muſt have applied 
more than its quadrantal arch to the line DE, 
by definition 2d, 3d, and 4th: therefore the 
eight line LN on the ns DE is equal to 
the quadrantal arch of the generating oP 
LeN. . D. 


But it is evident by the laſt demonſtration, 
that when the circle has applied all its qua- 
drantal arch to the ſtreight line DE, that the 
poſition of the circle will be repreſented by 
the pricked circle; and it is alſo evident, that 
if the pricked circle was to apply its quadran- 
tal arch (i. e.) from N on the line e 3, to the 
line DE backwards to D, the point L which 
is come in contact with the center line C B at 
3 muſt, by ſuch application, recede to the 

C 2 point 
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point L on the line DE, and be in the ſame 
poſition 1t was in before it ſet ont for the firſt 
application (i. e.) it will be in the ſame poſition 
with circle LeNG#tH; then will the point 
N on the line DE be advanced to Non the 
center line CB, and the point 3 deſcended 
to L on the line DE. 

Alſo the point N on the center line C B 
may be found where the pricked circle, by 
applying its quadrantal arch to the ſtreight 
line DE backwards to D: thus, by the angle 
EL CA being applied from tr on the line DE, 
ſet off frem N towards D, which ſignifies 
radius, and it will find the point N on the 
c.nter line CB. * 

But ſet off LN from N toward G, to r, 
and from f to Hon the Ine DE. I fay, the 
ſtreight line Le NG t H is equal to the circum- 
ference of the generating circle LeNG# H, 
hecauſe LN equal the fourth of the circum- 
ference by demonſtration, and the ſtreight 
line Le.N Gt H equal to-4 times LN; there- 
fore it muſt equal the whole circumference of 
the generating circle, becauſe all the parts ta- 
ken together are equal to the whole. E. D. 
But the parallelogram GC BH, being the 
rectangle of radius into the ſemi-circumfe- 
rence, is equal to' the area of the generating 
circle Le NG H, and the line H being a 
mean proportional between HH HR, and 
the ſemi-circumference H; therefore the 
ſquare H F equal the area of the generating 
circle, by Euc. 6th and 14th. E. D. | 


$SCHO- 
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I have given a double demonſtration to this 
arduous and knotty problem, becauſe the ſo- 
lution of it has baffled the ſagacity of Geome- 
tricians for above theſe two thouſand years 
without any fucceſs, and many have main- 
tained it impoſhble; Deſcartes in particular 
inſiſts on it, that a ſtreight line and a circle 
being of different natures, there can be no 
{trict proportion between them; but any one 
that ſeriouſly conſiders (def. of fig. th) mult 
conſequently grant there is ſome ſtreight line 
equal to the circumference of a circle; and, 
by conſequence, ſince there is ſome ſtreiglit line 
equal to the circumference, the difficulty only 
lies in laying down ſuch juſt premiſes as coulct 
naturally lead us to a juſt compariſon, and 
that is effected by drawing the ſtreight line 
through the center of the generating circle, 
parallel to the indefinite line DE; and in 
conceiving of the circle, applying its quadran- 
tal arch, and carring the angle along with it. 
which finds the point on the center line when 
the circle has juſt laid down all its quadrantal 
arch. 


COROLLARIES. 


Firſt, from this problem it will be eaſy to 
conceive how to make a ſquare equal to the, 
curve ſuperficies of any cylinder; for if the 
height of the cylinder equal the diameter of 
its baſe, then will the parallelogram LG. AH, 
hg. 4th, equal the curve ſuperticies of the cy- 
LORA C3 - Under, 
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linder, being the reftangle of the height into 
the circumference of its baſe; and the paral- 
lelogram HINO equal the area of the two 
baſes by the laſt demonſtration; therefore, 
the parallelogram LGLH+ HINO, equal 
the whole ſuperficies of the cylinder, which 
is 2 reduced to a ſquare by Euc. 6th and 
- 14th, | 
133 a ſphere or globe being equal to 
four times its greateſt circle, therefore if the 
circle Le NG H equal the greateſt, then the 
ſquare H M being equal to ns times H F, it 
will be equal the curve ſuperficies of ſuch a 
ſphere, by the laſt demonſtration. | 


The fuperficies of a cone may be ſquared af- 
ter the ſame manner. | 


SCHOLIUM. 


Theſe problems of making ſquares equal to 
the ſuperficies of cylinders, cones and ſpheres, 
depending on problem iſt (i. e.) of finding a 
ſtreight line equal to the circumference of a 
given circle, was thought entirely impoſſible; 
but now may be very eaſily effected, and 
much more added to the ſcience of geometry, 
ſuch as the finding of ſtreight lines equal to 
the curve lines of all the conic. ſections, viz. 
ellipſes, parabola; and hyperbola, which will 
open a new field of diſcovenes, and bring 
geometry to the utmoſt perfection. 
Charles the fifth, Emperor of Germany, 
offered a reward of one hundred thouſand 
"crowns to any perſon who, ſhould folve this 
celebrated problem ; and the States of 1 

| l ave 
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have propoſed a reward for the ſame, but! 
know not what it is. 


* 


0 


The laying down of the CyCLotD geome- 
| trically by PoINTS. | 


"Shall now proceed to ſhow how to lay down 
the cycloid geometrically by points; for 
hitherto 1t hath only been a mechanical line, 
and never could be brought within the ſcience 
of geometry: But in order to lay it down, it 
will be neceſſary to premiſe the following de- 
finitions. | . 
Firſt, the periphery of the cycloid is gene- 
rated by the motion of the point L fliding 
through the points 5, 4, 3, 2, 1, P, and P, 
I, 2, 3 4, 5» H, while the generating circle 


is applying its circumference to the indefinite 
ſtreight line D E. | 


The firſt half of the cycloid L, 5, 4, 3, 2 
I, P, 1s generated by an indefinite number of 

chords of the generating circle iſſuing out 
from the point L, the greateſt of which is 
the diameter of the generating circle. The 
other half of the cycloid P, i, 2, 3, 4, 5, H, 

is generated by an indefinite number of chords 
decreaſing in the point L, paſling through the 
points 1, 2, 3, 4, 5, H; and the baſe of the 
cycloid is the circumference of the generating 
circle Le NG#H, as may be ſeen by the con- 

ſtruction of fig. 4th. oh 1 
Now to lay down the cycloid, ſet off LN 
Aong the line DF, from N to C, and _ 
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GP parallel to LG, and upon GP deſcribe 
the generating circle, and biſect the arches 
3, P, and P, 3, at 1 and 5; and alſo biſect 
the arches 3, &, and G, 3, below the center, 


Which will be at 5 and 1 per fig. then biſect 


the arches 3, 1 and 3, 5, and the arches 3, 5, 
and 3, 1 below the center; then draw their 
2 ing chords G1, G2, G3, G4, G5, 
and P5, P4, P3, Pa, PI; then draw lines 
parallel to the baſe of the cycloid through the 
points 1 5, 2 4, 3 3, 42, and 5 1; then bi- 
ſect the line NG on the baſe of the cycloid, 
which will be at 1; alſo biſect G7, which 
equal NG, at 1; then biſect NI at 2, and 
t 1 at 2 on the other fide G; then take the 
correſponding chords of the generating circle, 
and on the points 1 and 2 on the baſe of the 
cycloid cut the coreſponding parallels which 
aſs through the points of the chords 1, 5, 2, 
4, which will cut the parallels in the points 1, 
12, 2; alſo take the line LI and ſet off on 
the parallel 5 1 below the center from 5 to 5, 
and alſo on the other fide on the ſame parallel 
from 1 to 5; then take Z 2 on the baſe and 
ſet off upon the 2d parallel from 4 to 4, and 
on the other fide from 2 to 4; I ſay, that the 
points L, 5, 4, 3, 2, 1, PandP, 1, 2, 3, 
4, 5, H, are all points in the curve of the 
—__. | 
DEMONSTRATION. 

The property of the cycloid is the ſine of 
the 2 Fes the arch P 1 2 3, equal the 
ordinate C 3.3; for G 3 being parallel to N 3 

| lh 34-1 . e an 
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and GN parallel to 3 3; therefore the line 
3 3 equal GN, but G & equal the quadrantal 
arch by demonſtration; ; for the point L when 
the circle has applied all its quadrantal arch 
to the ſtreight hne DE, is come in contact 
with the center line C B, cherefore the point 2 is 
a point in the curve of the cycloid, Q. E. D. 

This central ordinate, being found by de- 
monſtration, may be called the LaTvs REc- 
TUM of the cycloid, by which all the ordinates 
of the cycloid may be regulated and found; 
for that being the common property of the 
eycloid, as has been proved, then it will be 
always the fine of the arch of the generat- 
ing circle + the arch itſelf, equal the correſ- 
ponding ordinate of the cycloid (i. e.) the line 
L 1 on the baſe is equal the arch G, 5, 4, 3, 2, 
t, by the property thereof; therefore. the cor- 
rel] ponding chord G x: will reach from 1 on the 
baſe to the point 1 on the 2d parallel above 
the center ; and becauſe the line L 1 on the 
baſe equal the arch G, 5, 4, 3, 2, I, of the 
generating circle, therefore the point £ will 
be arrived to the point 1 on the 2d parallel, 
when it has laid down an arch equal to the 
ſtreight line L 1, therefore the point 1 on the 
2d parallel above the center line will alſo be a 
point in the curve of the cycloid. And after 
the fame manner the chord G 2 will be found, 
to reach and cut the firſt parallel at 2 above 
N: And therefore the point 2 is another point. 
in the curve of the cycloid. 

And if LL 1 on the baſe be added to the fine 
a 5, i. e. ſet off from 5 to-5 above L, this Four 

5 5 
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5 will be in the curve of the cycloid alſo by. 
the above property. And if the line L 2 be 
added to the ſine b, 4, it will find the point 4 
on the parallel above L, which will be another 
point in the curve of the cycloid. 


Alſo becauſe the ſtreight line L 1 equal 


the arches G5 ＋ 5474371 327121, and 
added to the fine a 5 compleats the ordinate 
of the cycloid à 5 5; and the line £2 the 
arches G. 5 +54+43+3 2; and added to 
the ſine þ 4, it will compleat the ordinate of 
the cycloid 5 44: Then by the property of 
the cycloid theſe points ſo found will all be 
points in the curve of the cycloid; and if the 
points of the curve of the cycloid on the other 
ide of G P, be found after the ſame manner, 


and the curve line be drawn through theſe 


points, it will compleat the whole curve of the 
cycloid L. 5, 4, 3, 2, I, P, 1, 2, 3, 4, 
5, H. QO, E. D. | 

But if theſe arches were biſe&ted again and 
their correſponding chords drawn, and like- 
wiſe the ſtreight lines that equal the arches on 
the baſe biſected, and the correſponding paral- 
lels drawn through the points of the chords, 
then there might be 27 points found in the 
curve of the cycloid, by which it might be 
delineated more exactly; for the more points 
there are found, the more exactly the curve 
will be drawn. 
This figure of the cycloid hath hitherto 
been a mechanical one, and never could be 
brought within the compaſs of geometry be- 
cauſe its ordinates could not be W 
g n n they 
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they depended upon finding of a ſtreight line 
equal to the circumference of a circle (ſee 
Owen's Þictonary, the articles polygon and 
.cycloid) ; but now from hence it will be very 
eaſy for any geometrician to lay down the 


cycloid by points geometrically, which never 
could be effected before. 


The triſection cf angles geometrically con- 
fiſts of two general methods; the firſt of which 
will triſect any angle either right, obtuſe, or 
acute, as far as 120 degrees, or the double 
radius; the ſecond will trifect any obtuſe an- 
gle that exceeds 120*, even to the ſemicirele. 

Firſt, Jet the angle 4 , fig. 5th, be gi- 
ven to be triſected; firſt draw the chord AB, 
produced to m and n, and divide it in three 
equal parts Ao, op and p B; make the chord 
A B radius, and ſet it off from o to h and 
from ꝓ to n; and on the points m and n draw 
the arches p q and or; join the points Y and 
Q. I ſay, the angle 4 = is triſected, for I 
fay, angle AQr =angle r Y angle 2. 


DEMONSTRATION. 


But if that ſhould be denied, let che angle 
Ig angle Q be conſidered as one angle, 


and upon the points 7 and biſect it, and it 
will always be found that the biſecting point 


will paſs through che triſecting point, and the 
biſecting line will be coincident with the tri- 
ſecting line; therefore the angle r 2q=the 
angle 9 2B; and alſo, after the ſame man- 
ner, may the angle 4 N be proved equal to 


angle 


—_— 


and 
the points A and g. I fay, the angle 


very readily laid down, and ſo render the 
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anger 29, E the angle 4 2B is tri- 


; Second, let the L 42D be given to be tri- 
ſected; draw the chord AD produced in 
.and,b, and biſect it in d; then take the ng 


of half the angle (i. e.) A d, and ſet it off from 


s to 4 and from s to b; then on the points 
5 an 5 draw the pricked arches at ?; alſo on 
draw the pricked arches at c, and join 


ALD 3s triſected; for the ſame demonſtra- 


. tion will prove the truth of it. 


Alo thirdly, if the acute angle B Q. C 


were given to be triſected, draw the chord of 
the angle BC, and proceed according to the 
firſt method, and it will be triſected; for that 
method will triſect any angle right, obtuſe, 
or acute, as far as 1209. 


Now to know when your angle is. greater 


| or leſs than 120, obſerve the following 


RULE. 


Take the radius of the angle and apply it to 
the arch thereof two times, and if twice the 
radius exceed the angle, uſe the firſt me- 


- thod, and if it fall ſhort of the angle, uſe th 
. ſecond. 


The triſecting of angles, geometrically, may 


be of great ule for the railing of polygons in 
circles; as for example, a polygon of 36 ſides 
may be raiſed in a circle, by triſecting the 
four right angles, and ſo triſecting them 


again; by which a map of the world may be 
tris 
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triſecting compaſles of no uſe; I ſay, that by þ 
triſection and biſection, almoſt any polygon 

may be raiſed in a circle without any mecha- 
nical aſſiſtance. It may alſo be of good ſer- 
vice to all thoſe who deal in tooth and pinion, 


and cog and rung, as clock-maker and mill- 
wrights, &c. 


EPISTLE 


— — p — — —— q ñ— — Bo — — 


— - * 
— - —U— — — * "= . — —— 


— — 


— — — 
1 3 — 


SSSISSISHSESSHESES 
4 
New and Eaſy Mzrnop 


Of Snding out the 


LonG1TUDE aft SEA. 


SLES SEN DESBOSISED 


® 
* a | 
_— 
” by _— » — 0 — 1 -—- —— 4 _y — * ” — — — n — op 
I w 2 — — > = . 1 — — — — - > Cons - ee hoc — — — — 
- . — ” ” = > — *. o — — 2 — — —— _ — — — Jy 
— M.A OOO I oo: RD o4o oft eo ies — —— ————— —q ö ᷑ . We AD A . ô!—— et — — 
* - 


. 


— — 


. Power, may arrive to tlie ſtatuxe. and 


EPISTLE DEDICATORY. 


T O 
The Worthipful the MasTER, WAR- 
DENS, and BRETHREN of the An- 
cient and Honourable TRINITY 


_HOUSE of Newcaſtle upon Tyne. . 0 


ww yy oa -- +» 


Gentl, lemen, 
HAT. this infant ſcheme of the 
new and eaſy Method ef gaining 
the Longitude of a Ship at ſea, nur- 
ted up under the influence of your 


| "I 


perfection with withed for, 3 and o complete 
Navigation in its utmoſt extent; which 
if it does, will. be emirelyowing to 
your approbation and protection, for 
which” 1 {ſhall think myſelf happy, 
endughcan àaffurihg! you that T am, 


with the trueſt TR 


Genel meas | 
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A new and eaſy Method of finding the 
| LoxXG1TUDE at Sea. 


I lay down an eaſy and exact 
method of gaming the Longitude of a ſhip 
at ſea, and that in fuch a familiar and plain 
manner as to render the whole intelligible to | 
the meaneſt capacity; ſo that any common | 
mariner may, with ſuch helps as I ſhall point 
out to him, take an obſervation of longitude 
with as much eaſe and exactneſs a; he can 
take an obſervation of latitude. 3 
And this method is briefly thus: Let him 
provide himſelf with a ſemai-cixcle of 30 “ in- 
ches radius, graduated into 180 degrees wich 
a double radius of theſe gradations, and let 
every degree be divided into minutes; and 
alſo with an ephemeris of the ſun and moons 
diſtance: from the zodiac, fucli ephemeriſes 
are always calculated for the meridian of the 
metropolis of the country, as London. Now, 
in order to make uſe of this inſtrument and þ 
the ephemeris to „it is neceſſary to : 
premiſe the following prelzminaries. 
Firſt, that the moon's, mean motion in the 
zodiac, for one day, is about 12'1907 deg. , 
or 129 11/ 267%, and her hourly motion 30+ 
minutes nearly; but, in your ephemeris, © | 
you have her place in the zodiac, which is her F 
longitude from the ſun, calculated for the 1 
| 
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mefidian of London at noon therefore, in 
.. drder to take an obſervation to advantage, þ 
1's ©. Tn D 3 -- = | 
ind See the advertiſement at the end of this method. 


32 A new and teu Mor nop of 


you muſt ſirſt find the latitude your ſhip is in, 
and then, according to the day vf the month, 
find the ſun's rifirig or ſetting for that day, 
according as you judge yourſelf eaſt or welt _ 
fromthe meridian of London, which is a very 
eaſy problem in aſtronomy " and having got 
the ſun's riſing or ſetting! for the day of the 
month, according to the latitude your fhip is 
in, then look into your ephemeris for the 
ſame day of the month, and there find the 
moon's place in the z6diae, and alſo the ſun's. 
place in the ecliptic: if it is before the full, 
the moon's diſtance from the ſun will be leſs. 
than fix ſigns or 180 degrees, which will ſuit 
for evening obſervations, and after the full 
for morning obſervations. | | 
Second, if it is before the full, 7 you 
judge y our ſhip to the weſt ward of the meri- 
dian of London; then the ſun will: be longer 
in ſetting where che ſhip is than at any part of 
Alle globe that is under the meridian of Lon- 
don; but if ſhe is to che eaſtward of the me- 
ridlan of London, t then the ſun will ſet ſooner 
whete the ſhip'is than at any part of the globe | 
chat i is under tie- meridian of London 
Iheſe things being premiſed, let us ſuppoſe 
ourſelves neat che Banks of Newfoundland, 
being in the kame parallel of latitude with 
London, 51 zol, Mareh 20, . The fun is 
then in the firſt degfee of Aries; and ſuppoſe 
you take an evening obſervation by the ſemi- 
circle, and find the moon's diſtance from the 
ſun to be 90 it His ſetting; and looking: in- 
the tables, we find che moon” $ diſtance from 


the 
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the ſun, when ſetting at London, to be only -. 
87? 58:3 ſo that the difference betwixt tlie 
obſervation and the tables is 2® 2/, and fo 
mach the moon has travelled betwixt the ſun's 
ſetting at London and the time of his ſetting : 
where the ſhip is. How to know what ſpace 
of time the moon took in travelling theſe | 
20 2/, (which is the difference of her diſtance: ; 
from the ſun between the obſervation and 
and the tables) divide the 20 2/ by her.-hourly-! 
motion 130'5/, and it will give the time four 
hours; which ſhews that the ſun is four hours 
longer in ſetting where the ſhip is than at 
London, and by allowing 155 for every hour 
of time, we have the thip's longitude weſt 
from London 629. > 30179 Jo 40153 5: 
Now, in order to take a morning obſeryation, 
the moon being paſt the full, let us ſuppoſe 
her 22 days old, entering intaher laſt quarter; 
and at fun riſing with your ſemi- circle, tak- - 
ing the Moons diſtance from the ſun, which | 
will be found only 87 58/, which is leſs than 
the diſtance at London in the tables by 2 2!, . . 
which divided by her hourly mation 30. 5 will 1 
| 
| 
| 


we four hours, the time the ſun is longer 
in riſing where tlie. ſhip is than at London; 
and allowing for every hour of time 15%, 
you'll have 609, the ſhips Jongitude weſt | 
trom Londen, the ſame as in the evening 
obſervation. _ 
Now, if the ſhip was eaſt of the meridian of l 
London, it would only be the reverſe of this, 
the Sun riſing or ſetting ſooner where the ſhip | 
is than at London; ſo the difference of your 
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tables and ſemi- circle, converted into time and 
meaſure, will give the ſhip $ longitude eaſt from 
London. 

If a proper ſet of tables were made of che 
moon's Jongitude from the ſun's, and calcula- 
ted from every degree ofvlatitude, betwixt 
the artic and antartic circles, for: the meridi- 
_ London, and tables 2 the 11 85 s riſin 
and ſetting, correſpondi ereto; I ſay, wit 
ſuch a ſet of — circles, 4 ſhall 
be pointed; out, that any mariner may gain 
the longitude of his ſhip to half a degree, 
which is ſometimes reckoned, not a bad ob- 
ſcrvation-for latitude.  -. 

The ſemi-circle that ſhall be * * 
tiſed, tho of but fix or eight inches radius, 
will take an angle very accurately to 30 


ſeconds of a minute; and therefore the moon's © 


diſtance from the ſun may be taken to the 
greateſt exactneſs (i. e.) to ſeſs than a minute 
if needful; for the moon's hourly motion 30⁴ 
zo! = an hour = 1 5? of longitude, 18157 = 


alf an boar =: 55%; 7 377= 4 of an hour = 


33 y a8'= 4 of an hour = 14 1/: 54 


= of an hour ='27 of a degree: for 3605 


n oY gan. oF 
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A TABL E of the Mooni mean dillante from the Sun in De- 


grees, Minutes, and Seconds, 4 every fix beurs & her 
"age, acoording to ber findical motion. | 
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The uſe of this table, of the moon's ly 
and hourly mean motion, is for the ready 
adjuſting of the inſtruments, before they come 
to obſerve and take her diſtance from the ſun, 
which. will always be within a degree of the 
truth; and b turning the index by the end- 
leſs ſcrew ds or forwards, the moon's 
true diſtance may be taken in leſs than a 
minate's time. 

I ſhall here give another example or two, 
to ſhew the uſe of Tarnbult's femi- circle, when 
applied to this method. 


ExAurTE iſt, Mon four days 1. 


Deppe now your ſhip ſomewhere in the 
Atlantic ocean, and you had a good obſerva- 
5. for latitude, and you would be glad to 
ur longitude by obſervation alſo. 
1 fun · ſetting, if the night is clear, rec- 
tify your inſtrument, by turning the index of 
the mirror to the hour of the moonꝭs age as near 


a8 poſſible, then ſcrew it faſt; alſo turn the 
long index to the degree and minute of her 


diſtance, anſwering to her age in the table, 

(laſt page ge) and your inſtrument is rectified as 
e nature of it will admit. 

Then, when the ſun's under limb begins to 


touch the horizon, hold up your inſtrument 


ſo as the. plane thereof may paſs through the 
center of both luminaries, making the fun to 
ſhine through the right-hand fight if the fun 


is ſouth of you, but through the left-hand one 


if he is north of you: Thus, ſet your eye to 
the icht in the end of the long index, turn- 


ing 
| 1 
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ing it about until you can ſee the moon 


through the clear part of the mirror, and the 


image of the ſun in the filvered part; bring 


their nigheſt limbs exactly in contact, then 


obſerve the degrees, minutes, and feconds, 
Which ſuppoſe 46® 4/ 307; to which add the 
ſum of their ſemi-diameters at that time, fup- 
poſe. 31, and alſo the ſun's horizontal refrac- 


tion 33“, and the ſum is 479 60 30, which 
call the obſerved diſtance. 

Then look in your ephemeris for the moon's 
diſtance from the ſun, at his ſetting, for that 
day of her age, and that latitude under” the 
meridian of London; which ſuppoſe 45 52/ 
50”, This taken from the obſerved diſtance, 
leaves 19 15/ 40”, the diſtance gone by the 
moon ſince the fun ſet under the meridian of 
London. This divided by - 28”, her 
hourly motion, quotes 2* 48 358 ours. Then 
ſay, if 1 hour give 15%, what will ® 2*48358 
hours give? Anſ. 37% 15/, the longitude the 
ſhip is in weſt, when the obſerved diſtance 
is greater than the ephemeris; but caſt, when 
it is leſs, | 


EXAMPLE ad, Moon 84 days ebd. 


Suppoſe a ſhip ſomewhere beyond Mada- 
gaſcar in the Indian ocean, on a voyage to 
the Eaſt Indies, and you have ſecured your 
latitude by obſervation. 

Rectify 


* I would adviſe the Practitioner to bring this time al- 
ways out in decimals ; for then multiplying by 15, 


gives the longitude Jeſs liable to error, than when it is 
reduced to i, minutes, and ſeconds. 
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. Rectify your inſtrument as before taught, 
then obſerve at ſun ſetting, and ſuppoſe your 
obſerved diſtance to be 1049. 42/ 40/; then 
look in your ephemeris for the moon's diſtance 
from the ſun at his ſetting under the meridian 
of London, &c. which ſuppoſe 106% 56 20%, 
the obſerved diſtance taken from this, leaves 
.2?,17 400, the diſtance the moon will go be- 
fore the ſun ſet at London; which divide by 

300 287, quotes 4387 hours; and this time 
multiplied by 159, gives 65 48', the longi- 
tude the ſtup is in eaſt. PERS 
N. B. In an evening obſervation, the re- 
fraction of the ſun and the parallax of tlie 
moon is to be added to their diſtance by ob- 
ſervation; and, in the morning obſervation, 
to be ſubtracted from the above diftance. 


* — 
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EAR A T K. 
The Triſe&ion of Angles geometrically begins at 
page 25, line 8, inſtead of ruaning ou with the ſubjea 


nn 
It alſo continues to page 27. 


ADVERTISEMENT. 


V ingemous friend Mr Robert Turnbull, 

has invented a ſemi-circle of fix inches 
radius that will take the diſtance of the Moon 
from the Sun by reflection, even to leſs than 30 
ſeconds of a minute, which is more than is 
needful in this caſe; for if it be taken to a 
minute, it will anſwer the end to all intents 
and purpoſes. 

N. B. This inſtrument was perfected, and 
compleated by Henry Latimer, clock and 
watch-maker in Gateſhead; by applying of a 
wheel, and an endleſs ſcrew to it, which keeps 
it ſo firm that it cannot ſhake in the leaſt; 
and moves it with the greateſt nicety. 


